SYSTEM AND METHOD FOR FORMING A PATTERN 
ON PLAIN OR HOLOGRAPH I C METALLIZED FILM 
AND HOT STAMP FOIL 



Field of the Invention 

This invention relates to forming decorative 
patterns on metallized film / and more particularly, 
this invention relates to a system and method for 
forming a pattern on metallized film, such as including 
plain or holographic metallized films and hot stamp 
foils, including embossed substrates with or without 
holograms . 

Background of the Invention 

Decorative packaging, currency bills, labels, 
containers and many other objects used in different 
applications often display a repetitive pattern on 
metallized film, often formed as a polymer base layer 
and a metallized surface, such as copper or aluminum. 

Some of these applications include a colored, 
metallic foil that is hot stamped, in place of ink, 
onto a substrate or melted onto a print substrate. For 
example, a hot stamp printing plate could be cast or 
engraved into a piece of metal and held by a heated 
fixture. Between the plate and substrate, a hot stamp 
"foil" (film) with a color or metal transfer ink coated 
in a thin layer is compressed onto the substrate to 
transfer the image. The printers could be flatbed 
platen units, rotary, units, or automatic web feed 
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from about 15° to about 100 °C across the web to contact 
and etch those areas of the metallized surface that are 
free of the etchant resistant material. This sodium 
hydroxide (NaOH) solution remains in contact with the 
5 web for about 0.1 to about 10 seconds, depending on the 
thickness and metal used in the metallized surface to 
permit the sodium hydroxide to dissolve the aluminum 
from those areas of the web not having the etchant- 
resistant material. The material then is washed to 

10 remove any excess etchant and etchant by-products. 

Usually this type of system uses rollers that 
feed the web and dips the web into baths of liquid to 
effect the various steps. Some prior art improvements 
spray an etchant onto the film. Scrapers remove any 

15 etched material. These steps are usually followed by 
warm water sprays to wash any etchant from the film 
surface. Afterward, the washed film is hot air dried 
and chill-roll cooled. 

In other prior art systems, a substrate film 

20 is printed with a pattern of water-based printing 
varnish having an etchant dissolved therein, which 
remains in contact with the metallized surface for a 
time sufficient to etch the pattern onto the metallized 
surface. Any excess etchant is washed from the film 

25 and dried. 

Another improvement has a patterned laminate 
formed by printing an image of an etchant by gravure 
roller on a web and laminating the printed web with 
another web such that the image is sandwiched between 

30 the webs in contact with the metallized film. The 

etchant dissolves the metallized surface in the printed 
areas to provide a desired pattern. The resulting 
laminate may be used as a packaging material. Further 
prior art improvements include selectively 

35 demetallizing film in different areas to form a 



graduated optical density for decorative packaging or 
even security purposes. 

One drawback of many prior art 
demetallization and pattern forming systems is the 
5 repetitive pattern that is consistently applied onto 
the metallized surface. In decorative packaging, this 
is acceptable. In other instances, such as the 
holographic metallized film where security is an issue, 
it is not acceptable. For example, it may be desirable 

10 to form a unique metallized pattern on currency bills 
or identifying labels instead of the prior art 
repetitive pattern that is typically applied to some 
currency bills, and areas of decorative packaging, 
labels, containers and other items. 

15 it would be advantageous if a demetallization 

pattern could be uniquely applied by a system and 
method where a unique and item specific (such as 
currency bill specific) pattern could be applied 
individually to successively produced items, such as 

20 currency bills, labels, containers and similar items. 
This pattern could be a microscopic or macroscopic 
pattern . 

Summary of the Invention 

25 It is therefore an object of the present 

invention to provide an improved system and method for 
forming a pattern on plain or holographic metallized 
film and hot stamp foil, including embossed substrates 
with or without holograms, which overcomes the 

30 disadvantages of the prior art. 

It is yet another object of the present 
invention to provide a system and method that forms an 
item specific pattern on plain or holographic 
metallized film and hot stamp foil, enhancing security 
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In one aspect of the present invention, an 
item specific pattern is etched into a metallized film 
having a polymer base layer and metallized surface such 
as an aluminized surface- An ink jet printhead has the 
5 plurality of ink jet channels and respective ink jets 
that receive ink having an etchant or etchant-resistant 
mask material therein and ejects ink through respective 
ink jets onto the metallized surface. A controller is 
operatively connected to the ink jet printhead and 

10 individually and digitally controls ejection of ink, 
such as etchant or etchant-resistant mask material, 
through the respective ink jets in a programmed, 
controlled manner for ink jet printing on the 
metallized surface a pattern of etchant or etchant- 

15 resistant mask such that if an etchant, it etches the 
metallized surface into an item specific pattern that 
is individual to an item, such as a currency bill, 
label or container. If an etchant-resistant mask is 
applied, an etchant is subsequently applied, such as by 

20 an etchant bath, for etching those areas that are not 
covered by an etchant into the surface relief pattern. 

A film advancing mechanism advances a plain 
or holographic metallized film or hot stamp foil along 
a predetermined path of travel into a demetallization 

25 station where the ink jet printhead is located. In one 
aspect, an ink reservoir holds an ink that includes an 
etchant or etchant-resistant mask material. The ink 
reservoir can be an integral part of the ink jet 
printhead, mounted adjacent the ink jet printhead, or 

30 mounted separate as a large ink reservoir or container 
holding ink and one of etchant or etchant-resistant 
mask material. Ink is delivered to a smaller reservoir 
mounted at the ink jet printhead. A washer can be 
located along this predetermined path of travel for 

35 washing excess ink and etchant from the metallized 
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portion of the metallized surface is etched to form an 
item (or currency bill) specific pattern by supplying 
ink having an etchant or etchant-resistant mask 
material to an ink jet printhead. The metallized 
5 surface is ink jet printed with the desired pattern of 
ink having one of etchant or etchant-resistant mask 
material (followed by etching) for etching the 
metallized surface into an item specific pattern. 

An adhesive is applied onto the patterned 

10 surface and the substrate engaged with the adhesive 
such that the release layer is broken and the 
protective coating and metallized layer having the item 
specific pattern is adhesively applied onto the 
substrate. The substrate could be a flexible paper 

15 member, such as a currency bill. The heat could be 
activated by applying heat to the adhesive. 

A method aspect of the invention is also set 
forth for forming a pattern on a plain or holographic 
metallized film or hot stamp foil having metallized 

20 surface by supplying ink with an etchant or etchant- 
resistant mask material from an ink reservoir to an ink 
jet printhead having a plurality of ink jet channels 
and respective ink jets, each individually and 
digitally controlled by a controller- Ink is ejected 

25 through respective ink jets in a programmed manner. 

The method further comprises the step of controllably 
ink jet printing on the metallized surface a pattern of 
ink for etching either with the ink jet printed etchant 
or an etchant following printing of the etchant- 

30 resistant mask, the metallized surface into an item 
specific pattern. 



Brief Description of the Drawings 

Other objects, features and advantages of the 
35 present invention will become apparent from the 
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detailed description of the invention which follows, 
when considered in light of the accompanying drawings 
in which: 

FIG. 1 is a block diagram showing basic 
5 elements used in the system and method of the present 
invention that etches an item specific pattern on plain 
or holographic metallized film or hot stamp foil, 
including embossed substrates. 

FIG. 2 is a fragmentary, isometric view of an 
10 example of a piezoelectric ink jet printhead that can 
be used in the present invention. . 

FIG. 3 is a flow chart illustrating an 
example of basic steps that can be used by the method 
of the present invention. 
15 FIG. 4 is a fragmentary, sectional view of 

the different layers of polymer, release coat, 
protective coating, and adhesive that engage a 
substrate for forming an item specific pattern in a 
metallized layer, such that the release coating is 
20 later broken for applying the pattern to a currency 
bill or other substrate. 

FIG. 5 is a flow chart illustrating the basic 
steps in a method used for forming a metallized pattern 
on a substrate, such as a currency bill. 
25 FIG. 6 is a fragmentary plan view of a 

currency bill having a metallized pattern of the 
present invention . 

Detailed Description of the Preferred Embodiments 

30 The present invention will now be described 

more fully hereinafter with reference to the 
accompanying drawings, in which preferred embodiments 
of the invention are shown. This invention may, 
however, be embodied in many different forms and should 

35 not be construed as limited to the embodiments set 
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forth herein. Rather, these embodiments are provided 
so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like 
5 elements throughout. 

The present invention advantageously forms a 
unique, selective and item specific pattern on a 
metallized surface formed as a plain or holographic 
metallic film or hot stamp foil, including embossed 

10 substrates. The pattern could be a microscopic or 
macroscopic pattern, including a surface relief 
pattern. The metallic surface is demetallized (etched) 
into an item specific pattern for use with any number 
of different items, such as currency bills, labels, 

15 containers or similar items. The plain or holographic 
metallized film or hot stamp foil typically is formed 
with one or more polymer layers and metallized surface, 
such as formed from vapor deposition of aluminum or 
copper . 

20 It should be understood that throughout this 

description, the use of the term "plain or holographic 
metallized film and hot stamp foil" includes the many 
different types of metallized film, hot stamped foils, 
embossed substrates with or without holograms, and 

25 other materials that could include plain or holographic 
images, kinegrams and other similar authentication, 
security and similar devices and metallized surfaces, 
and formed by techniques known to those skilled in the 
art. Different substrates could include PVC, coated 

30 papers, textured security or bank note papers, 

textiles, packaging films, thermosensitive papers, 
cardboard and packaging container material, and other 
similar substrate materials. Different techniques can 
be used, including foil stamping and embossing 

35 techniques. Demetallization is used to add further 
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security and design with different levels of 
transparency. Hidden embedded holographic images and 
kinegrams are used with the present invention. 

In the present invention, an ink jet 
5 printhead has a plurality of ink jet channels and 

respective ink jets that receive ink having one of an 
etchant or etchant-resistant mask material within the 
ink jet channels and respective ink jets. The 
printhead ejects ink through respective ink jets onto 

10 the metallized surface. A controller is operatively 
connected to the ink jet printhead and digitally 
controls the ejection of ink through the respective ink 
jets in a programmed, controlled manner for ink jet 
printing on the metallized surface a unique and 

15 desired, item specific ink pattern such that any 

etchant with ink etches the metallized surface into the 
item specific pattern or a subsequently added etchant 
etches those areas not covered by the etchant-resistant 
mask to form the item specific pattern. Naturally, it 

20 should be understood that the item specific pattern 
could be repetitive. 

FIG. 1 illustrates a general block diagram 
overview of the process and system of the present 
invention. A film supply 10 is usually formed as a 

25 roll of polymer base layer film 10a that is mounted on 
an unwinding mechanism 12 that could be motor 
controlled for back pressure or unwinding, or includes 
a back pressure spring mechanism or other means known 
to those skilled in the art. The polymer base layer 

30 film 10a could be a polymer base that forms the "lower" 
or base layer (with other layers as desired) for the 
metallized film. It can be formed from a polymer 
material such as a polyester™ (PET) material, for 
example sold under the trademark "mylar," or other 

35 materials known to those skilled in the art. 
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This base layer film 10a should be resistant 
to etchants used for etching the metallized surface 
that is later applied onto the film. The base layer 
film 10a is fed into a metallization station 14 where a 
5 metallized surface 10b is applied onto the film 10a 
such as by moving the film through a vapor deposition 
chamber and vapor depositing aluminum, copper or other 
metallic material in a layer ranging from about 10 to 
about 1,000 angstroms, preferably from about 200 to 

10 about 400 angstroms, and typically on the average of 
about 300 angstroms. The polymer film used as a base 
layer 10a could vary in thickness from as little as 
about 5 to as much as about 100 microns, and preferably 
between about 10 to about 50 microns. 

15 Although a polyester film has been described 

as an adequate material for use as a polymer base layer 
film, other polymer film materials can be used, 
including polyethylene, polypropylene, polystyrene, 
polyvinyl chloride and polycarbonate. The metallized 

20 film or hot stamp foil is formed "off-site" or in 

another area of processing and could be shipped as a 
wound roll directly to a processing line for 
demetallization, in accordance with the present 
invention, as indicated by the broken dashed lines 15 

25 in the processing line shown in FIG. 1. 

After the metallized film 11 is formed 
off-site and transferred to demetallization areas, it 
is advanced by a film advancing mechanism 18 along a 
predetermined path of travel into the demetallization 

30 station 16. The film advancing mechanism 18 can be any 
mechanism for pulling or advancing film, including 
guide rollers 18a, winding mechanisms 18b, and other 
means known to those skilled in the art for advancing 
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the metallized film along a predetermined path of 
travel 18c into the demetallization station 16. 

At the demetallization station 16, an ink 
reservoir 20 holds an ink that includes one of an 
5 etchant or etchant-resistant mask. Throughout this 

description, the term "ink" is given a broad definition 
to mean a fluid that can be controllably ejected from 
an ink jet printer as explained below. The ink could 
be translucent. The ink could be a printing varnish 

10 having the etchant or etchant-resistant mask material 
dissolved therein. Although the ink reservoir 20 is 
shown positioned at the demetallization station 16, a 
large reservoir of ink and etchant or etchant-resistant 
mask material could be located separate from the 

15 demetallization station and the ink and etchant or 
etchant-resistant mask material pumped into the 
demetallization station. As illustrated, an ink jet 
printhead 22 is located at the demetallization station. 
FIG. 2 shows one example of an ink jet 

20 printhead 22 that can be used by the present invention. 
This ink jet printhead is formed as a piezoelectric 
Drop On Demand (DOD) ink jet printhead and has a 
plurality of ink jet channels 22a and respective ink 
jets 22b (shown generally by only one dashed line) that 

25 receive the ink and etchant or etchant-resistant mask 
material within the ink jet channels and respective ink 
jets for ejecting the ink through respective ink jets 
22b onto the metallized surface 10b. A controller 24, 
such as a programmable logic controller, is operatively 

30 connected to the ink jet printhead 22 and individually 
and digitally controls ejection of ink through 
respective ink jets 22b in a programmed manner for ink 
jet printing on the metallized surface 10b an item 
specific pattern 26 of ink. The etchant etches the 
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metallized surface into the item specific pattern 
through either the etchant as part of the ink (or 
forming the ink) or by means of passing through an 
etchant bath 21, as one non-limiting example, if an 
5 etchant-resistant mask has been ink jet printed onto 
the metallized surface. 

Many different types of ink could be used in 
the present invention. For example, a low viscosity, 
ultraviolet curable ink could be used. A low viscosity 

10 solvent based ink having organic or inorganic solvents 
could.be used. The solvents could include a solvent 
such as toluene, ethanol, methanol, or isopropyl or 
other similar solvents. The ink could also be a water 
based ink having a pH of about 5 to about 9. In some 

15 cases, a hot melt ink could also be used. The ink 
should not be particularly damaged by an etchant. 

Although the type of etchant can vary 
depending on the type of metal applied on a polymer 
base layer 10a to form the metallized film 11, an acid 

20 or base etchant is possible with aluminum, although 

typically, sodium hydroxide (NaOH) has been used as an 
etchant on an aluminized surface forming a metallized 
layer 10b. Usually, any sodium hydroxide should be at 
a temperature of about 50 °C to about 95°C and can be in 

25 a range from about 1% to about 50% weight in the ink 
and preferably around 5% to about 10% in some non- 
limiting examples. The amount of etchant, of course, 
depends on the type and thickness of any metallization 
layer, any polymer layers, the use and design of 

30 holograms, processing speeds, and other factors. The 

etchant could be stored with the ink as part of the ink 
reservoir 20, or as a separate unit contained in an ink 
reservoir on the ink jet printhead. Many etchant- 
resistant masks can possibly be used. The etchant bath 

35 21 for subsequently applying etchant to the areas not 
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piezoelectric material is poled by applying a strong 
electric field that is removed, while orienting the 
field with an initial electric field. A weaker 
electric field could be applied parallel to the poling 
field such that the piezoelectric material reacts in an 
extension mode and lengthens in one dimension, but 
shortens in the other. When the electric field is 
perpendicular to the poling field, the piezoelectric 
material could react in a shear mode, similar to a deck 
of cards that "shear" in one direction, but have no 
change in the other direction. Electrodes can be 
placed on the surface of the piezoelectric material and 
a section of the material moved without affecting any 
surrounding material. A voltage could be applied to a 
center electrode and an electric field created between 
the center electrode and ground electrodes to create a 
shear response. When this material is applied to a 
pumping chamber that communicates with the nozzle, an 
ink drop can be formed. The piezoelectric material 
moves only about .000001 inch. It is also possible to 
use a channel where saturated ink with air could be 
degassed for dissolving air bubbles. 

FIG. 2 illustrates a printhead reservoir 22c 
that is mounted adjacent a jetting assembly 22d of the 
printhead 22. In this example, two piezoelectric 
slices form 120 ink jets are aligned with another pair 
of piezoelectric slices to form a total of about 256 
jets. A head interface board 22e could be mounted at 
an upper portion of the printhead and used for 
interfacing with the controller 24. 

The piezoelectric materials could be a lead- 
zirconate, titanate (PZT) combination forming a PZT 
transducer. The electric field applied to a poled PZT 
combination changes the shape of the crystalline 
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structure. Preferably the PZT transducer in a 
printhead is pulled in a thickness direction first. 
Usually the outside layer of a jet array module 
includes a flex circuit that connects to electrodes on 
surfaces of piezoelectric transducers and provide 
electrical drive signals. The transducer could be 
mounted to a cavity plate and an array body to form 
pressure chambers. Serial-to-parallel converters could 
select those jets to fire either simultaneously or 
individually as controlled by the programmable logic 
controller. Some complicated image data for forming 
very, complicated, item specific patterns could be 
daisy-chained into a serial stream using the head 
interface board and have controlled slew rates. 

It is also possible to angle the ink jet 
printhead 22 for angled movement relative to the 
metallized surface 10b of the metallized film 11 for 
changing the resolution of the applied ink/etchant or 
etchant-resistant mask material and as a result, change 
the resolution of the final and etched item specific 
pattern based on the angle of the ink jet printhead 22. 
An ink jet mounting assembly 28 (FIG. 1) could mount 
the ink jet for angled movement. An appropriate 
servomotor 28a operative from the controller 24 could 
change angle as desired. 

It is possible also to use ceramic ink jet 
components on the ink jet printhead to withstand the 
effects of any etchants. Some ink jet printhead 
members could be made of carbon and provide heat and 
ink etchant resistant passages. This would also be 
particularly advantageous for hot melt ink jet 
printheads that operate at elevated temperatures as 
required with some etchants. 
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Once the desired pattern of ink and etchant 
or etchant-resistant mask material has been applied 
onto the metallized surface 10b, the metallized film 11 
can be washed at a washer 30 where water could be 
5 applied or other washing fluid for removing any excess 
ink and etchant or for performing other washing 
functions to the metallized film 11. 

FIG. 3 illustrates a basic flow chart 
illustrating the method of the present invention for 

10 forming an item specific pattern on metallized film 
having a metallized surface. A metallized film 
comprising a base layer, such as a polymer layer and 
metallized surface, is advanced into a demetallization 
station (block 50) . Ink is supplied with an etchant or 

15 etchant-resistant mask material from an ink reservoir 
to an ink jet printhead (block 52) located at a 
demetallization station. The metallized surface is ink 
jet printed at the demetallization station with a 
pattern of ink and etchant or etchant-resistant mask 

20 material for etching the metallized surface either by 
the ink/etchant or subsequent application of etchant 
over the etchant-resistant mask to form the item 
specific pattern (block 54). The plain or holographic 
metallized film or hot stamp foil having the item 

25 specific pattern is subsequently washed (block 56) . 

FIG. 6 illustrates a currency bill 60 with an 
embedded, metallized pattern 62 and preferred hologram 
that could be used not only for security purposes, but 
also for tracking of each currency bill. The present 

30 invention allows this improvement in currency bill 

design for enhanced security and tracking because each 
metallized surface as embedded within a currency bill 
can be individually and uniquely etched for a unique, 
individualized, currency bill specific pattern. 
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bill, in the illustrated example. The adhesive could 
be an adhesive that is activated by applying heat 
thereto. Because of the reverse nature of the 
application process, the metallized pattern is applied 
5 onto the substrate, i.e., currency bill, and protected 
by the lacquer protective layer 74. Once the 
protective coating 74 and metallized layer 76 are 
applied on the currency bill, it can be further 
processed with the addition of other protective layers 

10 and printed matter, and other materials or layers added 
as necessary or desired. 

As shown in FIG. 5, a flow chart illustrating 
the basic steps for forming a currency bill as 
described is illustrated. A release layer is applied 

15 onto the polymer film (block 100) . The translucent 
protective coating is applied over the release layer 
(block 102). The protective coating is metallized 
(block 104). The surface is demetallized to form a 
desired, item specific, i.e., currency bill specific 

20 pattern (block 106) . This pattern could be a geometric 
pattern specific to a bill, a series of alphanumeric 
numbers, enhanced holographic or kinegram images or 
formed devices, or other information. It is possible 
the item specific design could be the same pattern for 

25 all currency bills, but could be currency bill 

specific. The adhesive is applied onto the patterned 
metallic surface (block 108). A substrate, such as 
flexible paper used for currency bills, engages the 
adhesive to break the release layer and transfer the 

30 protective coating and metallized layer onto the 

currency bill (block 110) . In subsequent processing, 
the currency bill can be further printed or protective 
coatings applied, and when initially printed as large 
sheets (and metallization applied thereto) cut into 

35 individual currency bills. 
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It is evident that the present invention 
advantageously allows a unique and individualized, item 
specific pattern to be formed during demetallization as 
noted above. Individual items in a processing sequence 
5 can have unique patterns formed on the metallized film 
by individually and digitally controlling the 
respective ink jets in the ink jet printhead as noted 
above . 

Many modifications and other embodiments of 
10 the invention will come to the mind of one skilled in 
the art having the benefit. of the teachings presented 
in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the 
invention is not to be limited to the specific 
15 embodiments disclosed, and that the modifications and 
embodiments are intended to be included within the 
scope of the dependent claims. 



